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DESCRI PT ION 



PHOSPHOR AND VACUUM ULTRAVIOLET EXCITED L I GHT - EMI T T I NG 
DEVICE 

5 

TECHNICAL FIELD 
The present invention relates 
a vacuum ultraviolet excited light 



to a phosphor and 
-emitting device. 



10 BACKGROUND ART 

Phosphors are used in vacuum ultraviolet excited 
1 i gh t - emi t t i ng devices such as plasma display panel 
(hereinafter being abbreviated as "PDP") and noble gas 
1 amp ; electron beam excited light-emitting devices such 

15 as CRT; ultraviolet excited light-emitting devices such 
as three-wavelength fluorescent lamp ; and X-ray excited 
1 i gh t - emi 1 1 i ng devices such as X-ray imaging device and 
the like. For example, as a blue phosphor, known is an 
aluminate BaMgAlioOn : Eu having Eu as an activator , as 

20 a green phosphor, known is a silicate phosphor Zn 2 Si0 4 :Mn 
having Mn as an activator and as a red phosphor, known 
is a borate phosphor (Y, Gd) BO3 :Eu having Eu as an 
activator; these phosphors are used in vacuum 
ultraviolet excited 1 i gh t - emi t t i ng devices such as PDP 

25 and noble gas lamp. 
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The silicate phosphor represented by a formula of 
(Ca, S r ) o . 97EU0 . 03 S i 2O 6 is proposed as a blue phosphor 
suitable for the vacuum ultraviolet excited 
light-emitting devices (JP-A No. 2 0 0 2-332481). 

5 

DISCLOSURE OF THE INVENTION 
The object of the present invention is to provide 
a phosphor having high brightness. 

The present inventors diligently studied 
10 phosphors having high brightness and completed the 
present invention. 

The present invention provides a phosphor 
comprising at least one selected from the group 
consisting of Si and Ge, and Eu as an activator, and 
15 ratio R of not less than 40 %, wherein the ratio R is 
calculatedby enteringvalue of [a] beingpeak amp 1 i t ude 
derived from Eu 2+ and value of [b] being peak amplitude 
derived from Eu 3+ in primary differential pattern of 
an X-ray absorption near edge structure (hereinafter 
20 being abbreviated as ^XANES") spectrum into the 
following equation (1) . 

R (%) = (a/ (a + b) ) X 100 (1) 

The phosphor of the present invention has high 
brightness and is applied to a vacuum ultraviolet 
25 excited 1 i gh t - emi t t i ng device, ultraviolet excited 
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light-emitting device, X-ray excited 1 i gh t - e mi t t i n g 
device or electron beam excited 1 i gh t - emi t t i ng device 
and the like. 

The phosphor of the present invention has higher 
5 brightness under irradiation with vacuum ultraviolet 
ray, it is especially suitable for a vacuum ultraviolet 
excited 1 i gh t - emi t t i ng device. 

Therefore, the present invention also provides a 
vacuum ultraviolet excited 1 i gh t - emi t t i ng device 
10 including the phosphor mentioned above and use of the 
phosphor as a vacuum ultraviolet excited light-emitting 
device . 



BRIEF DESCRIPTION OF THE DRAWINGS 
15 Fig. 1 shows primarily differential patterns of 

X-ray absorption near edge structure spectra of the 
phosphors obtained in Example 1, Example 2 and 
Comparative Example 1, respectively. The abscissa 
represents photon energy of X-ray (unit : eV) and the 
20 ordinate represents intensity (arbitrary unit) . 



MODE FOR CARRYING OUT THE INVENTION 

Phosphor 

The phosphor of the present invention includes at 
25 least one selected from the group consisting of silicon 



- 3 - 



English translation of P CT/ JP2 004/0 12149 

(Si) and germanium (Ge) , and europium (Eu) as an 
activator . 

The phosphor of the present invention includes 
preferably a silicate having at least one selected from 
5 the group consisting of calcium (Ca) , strontium (Sr) 
and barium (Ba), at least one selected from the group 
consisting of magnesium (Mg) and zinc (Zn) , and at least 
one selected from the group consisting of Si and Ge; 
or a germanate having at least one selected from the 
10 group consisting of Ca, Sr and Ba, at least one selected 
from the group consisting of Mg and Zn, and at least 
one selected from the group consisting of Si and Ge . 
Amo ng these, the phosphor includes preferably a c omp ound 
represented by a formula (2) and Eu as the activator; 

15 mM 1 0 • nM 2 0 • 2M 3 0 2 ( 2 ) 

wherein, in the formula (2), M 1 is at least one selected 
from the group consisting of Ca, Sr and Ba, 
M 2 is at least one selected from the group consisting 
of Mg and Zn , 

20 M 3 is at least one selected from the group consisting 
of Si and Ge , 

m is not less than 0.5 and not more than 3.5, and 
n is not less than 0.5 and not more than 2.5. 

Further, the phosphor of the present invention 
25 includes Eu 2+ and optionally Eu 3+ . The phosphor includes 
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a ratio R of not less than 40 %, preferably not less 
than 60 %, more preferably not less than 80 %, wherein 
the ratio R is calculated by entering value of [a] 
being peak amplitude derived from Eu 2+ and value of [b] 
5 being peak amplitude derived from Eu 3+ in primary 
differential pattern of an XANES spectrum into the 
abo ve - de s c r ibe d equation (1) . The ratio R may be 
obtained according to the steps of (a) to (d) . 

(a) A phosphor is analyzed to obtain an XANES 
10 spectrum thereof and an L3 absorption edge 

spectrum of Eu . 

Usually, a peak derived from Eu 2+ is shown at 
about 697 0 eV and a peak derived from Eu 3+ is 
shown at about 698 0 eV in the L3 absorption edge 
15 spectrum. Therefore, measurement of the 

spectrum is carried out within a range including 
both peaks (for example, from 694 0 eV to 7 0 4 0 
eV) . 

(b) The obtained spectrum is primarily 
20 differentiated. 

Primary differentiation may reduce the 
influence caused by background. 

(c) A value of maximum (summit) of the peak derived 
from Eu 2+ in the pattern (obtained by primary 

25 differentiation) and value of minimum (bottom) 
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of the trough at the higher energy side therefrom 
aremeasured. Avalue of [a] beingpeak amp 1 i t ude 
is calculated as the difference between those 
values. Similarly, a value of maximum (summit) 
5 of the peak derived from Eu 3+ in the pattern and 

value of minimum (bottom) of the trough at the 
higher energy side therefrom are measured. A 
value of [b] being peak amplitude is calculated 
as the difference between those values. 
10 (d) A ratio R is calculated by entering the value 

of [a] being peak amplitude and the value of 
[b] being peak amplitude into the foregoing 
equa t i on ( 1 ) . 



15 Method for producing a phosphor 

The phosphor of the present invention may, for 
example, be produced by a method including the steps 
of (1) and (2) : 

(1) calcining a mixture of metal compounds to obtain 
20 a phosphor substance having at least one selected 

from the group consisting of Si and Ge ; and Eu, 
and, 

(2) acid washing the obtained phosphor substance. 
The metal compounds in the step (1) may be an oxide 

25 of metal elements contained in the phosphor of the 
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present invention, or 

compounds such as hydroxides, carbonates, nitrates, 
halides and oxalates of the metal elements, which 
convert to the oxide of metal elements by calcination. 
5 Examples of the metal compounds are as follows: 
silicon compounds such as silicon dioxide, 
germanium compounds such as germanium oxide, 
europium compounds such as europium oxide, 
calcium c ompou nds such as calcium oxide and calcium 
10 carbonate, 

strontium compounds such as strontium oxide and 
strontium carbonate, 

barium compounds such as barium oxide and barium 
carbonate , 

15 manganese compounds such as manganese oxide, 

magnesium compounds such as magnesium carbonate 
and basic magnesium carbonate, 

zinc compounds such as zinc oxide and 
compounds containing these listed metals. 
20 The metal compounds are preferably hydroxides, 

carbonates, nitrates, halides, oxalates or oxides, 
which have a high purity (about 99 % by weight or more) . 

The metal compounds are weighed to obtain a 
predetermined composition. For example, when producing 
25 a phosphor represented by a formula of 
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Ca 0 .92Sro.o5Euo.o3MgSi 2 06 , CaC0 3 , SrC0 3 , Eu 2 0 3 , MgOandSi0 2 
may be mixed in molar ratio of 0.92 : 0.05 : 0.0 15 : 
1 : 2 . When producing a phosphor represented by a formula 
of Cao.78Sr 0 .2Euo.o2MgSi 2 06 , CaC0 3 , SrC0 3 , Eu 2 0 3 , MgO and 
5 Si0 2 may be mixed in molar ratio of 0.78 : 0.2 : 0.01 : 
1 : 2. Mixing of the weighedmetal compounds may be carried 
out, for ex amp 1 e , by using a ball mill, a vessel equipped 
with V-shape mixer or agitator. 

10 Calcination in the step (1) is preferably carried 

out under a reductive atmosphere, for example, under 
a nitrogen (N 2 ) atmosphere containing hydrogen from 
about 0.1 % by volume to about 10 % by volume or under 
an argon (Ar) atmosphere containing hydrogen from about 

15 0.1 % by volume to about 10 % by volume. To gain highly 
reductive effect, a mixture including at least two kinds 
of metal compounds added with an appropriate amount of 
carbon may be calcined; or at least two kinds of metal 
compounds may be mixed with an appropriate amount of 

20 carbon, followed by calcining the mixture. Calcination 
may usually be carried out at from about 90 0 °C to about 
1500 °C for from about 1 hour to about 100 hours. 

When a compound which can be converted to an oxide 
by decomposition at high temperature such as hydroxide, 

25 carbonate, nitrate, halide and oxalate is contained in 
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the mixture above, carbonates, nitrates, halides and 
oxalates, the mixture may be pre-calcined before 
calcination. Calcination may be carried out under any 
of oxidative atmosphere (for example, in air) and 
5 reductive atmosphere. Calcination may be carried out 
at a temperature to remove crystal water in hydroxides, 
carbonates, nitrates, halides and oxalates or at a 
temperature to convert hydroxides, carbonates, 
nitrates, halides and oxalates to an oxide, usually 
10 carried out from not less than about 400 °C and less 
than about 90 0 °C . 

The phosphor substance obtained in the step (1) 
may be pulverized or classified. Pulverization may be 

15 carried out by using a ball mill, vibrating mill, roll 
mill or jet mill. Classification may be carried out by 
using a wet classifier such as a settler, hydrocyclone 
and centrifuge; a dry classifier such as a cyclone, air 
separator and Tu r b o c 1 a s s i f i e r (trade name, 

20 manufactured by Nisshin Flour Milling Inc. ) . A specific 
surface area of the phosphor may be changed by 
pulverization or classification. 

Acid-washing in the step (2) may be carried out 
25 with an organic acid such as acetic acid and oxalic acid; 
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an inorganic acid such as hydrochloric acid, nitric acid 
and sulfuric acid. The acid is preferably hydrochloric 
acid, nitric acid and sulfuric acid, more preferably 
hydrochloric acid. A hydrogen ion concentration of the 
5 acid is usually about 0.01 mole/1 or more, preferably 
about 0.1 mole/1 or more, and usually about 5 mole/1 
or less, preferably about 2 mole/1 or less. 

Acid washing may be carried out, for example, by 
dipping the phosphor obtained in the step (1) into an 

10 acid. Specifically, the phosphor may be put in a vessel 
filled with an acid, further may be maintained in the 
vessel while agitating contents in the vessel. The 
phosphor may be put in a ball mill together with an acid, 
and the ball mill is rotated. The acid washing may be 

15 usually carried out under conditions at temperature : 
a room temperature (about 25 °C) to about 80 °C, and time: 
about 10 minutes to about 10 hours. 

The phosphor obtained by acid washing is usually 
solid-liquid separated and then is dried. The 

20 solid-liquid separation maybe carried out by filtration, 
suction filtration, pressure filtration, centrifugal 
separation, decantation or the like. Drying may be 
carried out by using a vacuum dryer, heated-gas dryer, 
conical dryer, rotary evaporator or the like. The 

25 phosphor may be further pulverized or classified. 
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Vacuum ultraviolet excited light-emitting device 

The vacuum ultraviolet excited 1 i gh t - emi t t i n g 
device of the present invention includes the phosphor 
5 described above, and usually includes the phosphor and 
an electrode . Examples of the vacuum ultraviolet excited 
1 i gh t - emi t t i ng device include a PDP, noble gas lamp and 
the like. 

The PDP includes a rear substrate, a phosphor layer, 
10 a transparent electrode, a bus electrode, a dielectric 
layer and a front substrate. For example, the PDP may 
be produced according to the method disclosed in JP 
10-195428 . 

The method for producing the PDP may include the 

15 steps of ( I ) to ( IV) : 

(I) mixing a phosphor with a binder (such as cellulose 
compounds, polyvinyl alcohols) and an organic 
solvent to obtain a phosphor paste, for blue 
phosphor, green phosphor and red phosphor; 

20 (II) coating the phosphor paste obtained in the step 
(I) on an inner surface of the rear substrate (by 
screen printing or the like) , of which inner surface 
is divided in a stripe shape by a barrier rib and 
has an address electrode, and on a wall of the 

25 barrier rib, followed by firing of the coated paste 
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at from about 3 0 0 °C to about 60 0 °C to form a 
phosphor layer, for blue phosphor paste, green 
phosphor paste and red phosphor paste; 
(III) lapping a front glass substrate, which has a 
5 dielectric layer and a protection layer on an inner 

side thereof and a transparent electrode and a bus 
electrode arranged in the direction being 
perpendicular to that of the phosphor layer, on 
the rear substrate, 
10 (IV) charging a reduced-pressure noble gas (Xe, Ne and 
the like) into a space between the front glass 
substrate and rear substrate to form a discharging 
space . 

A noble gas lamp may also be produced according 
15 to known methods except that the phosphor described 
above is used as a raw material. 

Examp 1 e s 

The present invention is described in more detail 
20 by following Examples, which should not be construed 
as a limitation upon the scope of the present invention. 
The properties of phosphors were measured by the 
following methods. 

25 Ratio R: 
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An XANES spectrum was measured by using Beamline 
BL-9A of Photon Factory, Institute of Materials 
Structure Science, the HIGH ENERGY ACCELERATOR 
RESEARCH ORGANIZATION under following conditions: 
5 • monochromator : S i ( 1 1 1 ) double crystal, 

• angle calibration of monochromator: a position 

of pre-edge peak expressed at 8 98 0.3 eV of 
K-absorption edge of Cu foil is set to be 12.7185 
degree , 

10 • Rejection of higher-order harmonics: plane Ni 

coated mirror, 

• Scanningrange: 6940 eVto 7040 eV(asX-rayenergy) , 

• Measurement of incident X-ray intensity Io : use 

of an ionization chamber with active length of 
15 17 cm, filled with N 2 gas, 

• Measurement of transmitted X-ray intensity I : 

use of an ionization chamber with active length 
of 31 cm, filled with mixed gas of N 2 /Ar=85/15, 

• Integration time : 1 second/point, and 
20 • Mode : Transmission. 



Br ightne s s : 

A phosphor was placed in a vacuum chamber, and 
irradiated with vacuum ultraviolet by using an 
25 excimer lamps with wavelength of 146 nm 
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(manufactured by USHIO INC., type: H0012) under 
pressure of 6.7 Pa (5 X 10" 2 Torr) or less. The 
brightness of light emitted from the phosphor was 
measured . 

5 

BET specific surface area: 

It is measured by using a specific surface area 
analyzer (trade name "FlowSorb II 2300 type 7 ', 
manufactured by Shimadzu corporation) . 

10 

Particle size distribution: 

It is measured by using a particle size distribution 
analyzer (trade name "Master Sizer 2000", 
manufactured by Malvern Instruments) 

15 

Example 1 

Calcium carbonate [CaC0 3 , manufactured by Ube 
Material Industries, Ltd., purity :99.9 %] , strontium 
carbonate [ SrC0 3 , manufactured by SAKAI CHEMICAL 
20 INDUSTRY CO., LTD., purity :99.9 %] , europium oxide 
[Eu 2 0 3 , manufactured by Shin-Etsu Chemical Co., Ltd., 
purity :99.99 % ] , basic magnesium carbonate 
[ (MgC0 3 ) 4Mg (OH) 2 ■ 5H 2 0, manufactured by Kyowa Chemical 
Industry Co., Ltd., purity :99 % or more] and silicon 
25 dioxide [Si0 2 , manufactured by NI PPON AEROS I L CO . , LTD., 
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purity :99.9 %] were weighed in a manner such that the 
molar ratio of CaC0 3 : SrC0 3 : Eu 2 0 3 : MgC0 3 : Si0 2 was 
0.92 : 0.05 : 0.015 : 1.0 : 2.0, and then these raw 
materials were mixed with isopropyl alcohol by using 
5 a wet ball mill for 4 hours to obtain a slurry. The 
isopropyl alcohol contained in the slurry thus obtained 
was removed by using a evaporator to obtain a dried mixed 
powder. The mixed powder was charged into an alumina 
crucible, followed by the alumina crucible being placed 

10 in a furnace. The mixed powder was calcined under 
nitrogen atmosphere containing hydrogen of 2 % by volume 
at 1200 °C for 2 hours, followed by cooling down to a 
room temperature to obtain a phosphor substance 1. 

The obtained phosphor substance 1 was pulverized 

15 by a jet mill using air with a pressure of 1 kg/cm 2 . 

The pulverized phosphor substance 1 was added with 
hydrochloric acid with a hydrogen ion concentration of 
1 mole/1 to obtain a slurry. The slurry was agitated 
with a magnetic stirrer for 3 hours. The slurry was then 

20 solid-liquid separated by suction filtration, followed 
by reduced-pressure drying at 100 °C to obtain a phosphor 
1 . 

The phosphor 1 was a compound represented by 
Ca 0 . 92 Sr o . osEuo . 03MgS i 2 0 6 a and had a ratio R of 78 %, BET 
25 specific surface area of 3.97 m 2 /g and average particle 
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diameter of 1.69 /z m . The phosphor 1 emitted blue light 
under irradiation of vacuum ultraviolet. The phosphor 
had a brightness of 118 based on brightness of 100 of 
the phosphor substance 1 (which was not subjected to 
5 acid washing) . 

Example 2 

Except that cal cium carbonate [CaC03, manufactured 
by Ube Material Industries, Ltd., purity :99.9 %] , 

10 strontium carbonate [SrC0 3 , , manufactured by SAKAI 
CHEMICAL INDUSTRY CO., LTD. , purity :99.9 %] , europium 
oxide [Eu 2 0 3 , manufactured by Shin-Etsu Chemical Co., 
Ltd. , purity :99.99 %] , basic magnesium carbonate 
[ (MgC0 3 ) 4Mg (OH) 2 • 5H 2 0, manufactured by Kyowa Chemical 

15 Industry Co., Ltd., purity :99 % or more] and silicon 
dioxide [Si0 2 , ma nu f a c t u r e d b y N I P P ON AERO S I L CO . , LTD., 
purity :99.9 %] were weighed in a manner such that the 
molar ratio of CaC0 3 : SrC0 3 : Eu 2 0 3 : MgC0 3 : Si0 2 was 
0.78 : 0.2 : 0.01 : 1.0 : 2.0, the same operation in 

20 Example 1 was conducted to obtain a phosphor substance 
2 and a phosphor 2. 

The obtained phosphor 2 was a compound represented 
by Cao.78Sr 0 . 2 Euo.o2MgSi 2 0 6 , and had a ratio R of 99 %, BET 
specific surface area of 2.75 m 2 /g and average particle 

25 size of 2.33 11 m. The phosphor 2 emittedblue light under 
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irradiation of vacuum ultraviolet. The phosphor 2 had 
a brightness of 122 based on brightness of 100 of the 
phosphor substance 2 (which was not subjected to acid 
washing) . 

5 

Comparative Example 1 

Except that hydrochloric acid was changed with 
water having a hydrogen ion concentration of 10~ 7 mole/1 
(pH = 7), the same operation in Example 1 was conducted 
10 to obtain a phosphor 3. The obtained phosphor 3 had a 
ratio R of 37 % and a brightness of 100. 
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